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During the  past \--. , _,.- --..-dr for Remote Sensing 
Research (CRSR) a t  the  Un ive rs i t y  o f  C a l i f o r n i a  has con- 
ducted s tud ies  designed t o  evaluate the  p o t e n t i a l  a p p l i -  
c a t i o n  o f  ERTS data i n  Derforminci a g r i c u l t u r a l  inventor ies,  
a ,f data handl ing and 
a I context  f o r  perform- 
i 
nd t o  develop e f f  icien; methods-c 
na l ys i s  use fu l  i n  the  operat ional
ng l a rge  area surveys. 
T n i s  worK nas resuicea i n  m e  aevelopment of  an in tegra ted  
system g t i l  i z i n g  both human and computer ana lys is  of  
ground, a e r i a l ,  and space imagery, which has been shown 
to  be very e f f i c i e n t  f o r  regional  crop acreage inventor-  
ies.  The technique involves ( I )  the d e l i n e a t i o n  o f  ERTS 
images i n t o  r e l a t i v e l y  homogeneous s t r a t a  by human 
in te rp re te rs ,  (2) the  point-by-point  c l a s s i f i c a t i o n  o f  
t hc 
us i g i t a l  image process- 
i n! mpl i ng  procedure f o r  
the  c o l l e c t i o n  o t  support ing a e r i a l  and ground data used 
i n  o f  t he  c l a s s i f i c a t i o n  
r e '  
bas i s  o f  crop type e area w i t h i n  each s t r a t a  on the  
ing  a humanhachine i n t e r a c t i v e  d 
g system, and (3) a mul t i s tage sa _ _  - -  
the adjustment and v e r i f i c a t i o n  
su l t s .  
I ON 
. . - .  . . -  - -  
I NTRODUCT 
I n  the United states,  the  Department ot Agr i cu l tu re  p resent ly  conducts 
an enumerative program i n  which v i r t u a l l y  a l l  a g r i c u l t u r a l  land i s  
inventor ied  annually. I n  add i t ion ,  numerous o t h e r  federa l ,  s t a t e  and 
loca l  agencies conduct extensive crop inventor ies,  land use surveys, 
and s o i l s  mapping p ro jec ts  o f  vary ing  magnitude. On a worldwide basis 
i t  would seem t h a t  t he  p r i n c i p a l  obstacles t o  p rov id ing  enough food 
f o r  a1 1 persons a re  no t  merely ones o f  product ion bu t  a l so  problems o f  
a l l o c a t i o n  and d i s t r i b u t i o n .  What i s  needed i s  knowledge as t o  where 
and how much food i s  now being produced, and how crop product ion i s  
changing w i t h  time. Considering the present needs f o r  regional ,  
na t iona l ,  and worldwide inventory and eva lua t ion  data, coupled w i t h  
the  p a r t i c u l a r  c a p a b i l i t i e s  o f  the ERTS system, a g r i c u l t u r a l  
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app l ica t ions  appear t o  be espec ia l l y  promising as an area i n  which 
important b e n e f i t s  might be r e a l i z e d  from the use o f  such technology. 
Up to the  present t ime a g r i c u l t u r a l  inventor ies  have requ i red  a t r e -  
mendous e f f o r t  on the  p a r t  o f  on-the-ground enumerators, and have pre-  
sented a formidable data compi la t ion  task. However, a sate1 1 i t e  
sensing system, w i t h  which l a rge  areas o f  land can be surveyed i n  
t h e i r  e n t i r e t y  on one image, and which can prov ide un i fo rm worldwide 
coverage w i t h  a r e l a t i v e l y  small number o f  images, o f f e r s  g rea t  
promise as a data co l  l e c t i o n  too l  f o r  a l l e v i a t i n g  these problems. 
thermore, the  dynamic na ture  o f  a g r i c u l t u r e  requi res not  a s i n g l e  
eva lua t ion  i n  most cases, bu t  ra the r  a cont inua l  updating o f  condi- 
t i ons .  I n  f a c t ,  i t  has been shown t h a t  des i red in fo rmat ion  about 
a g r i c u l t u r a l  crops can o f t e n  be obta ined on ly  by c a p i t a l i z i n g  on a 
knowledge o f  the pa t te rns  o f  change e x h i b i t e d  by p a r t i c u l a r  crop 
types under var ious growing cond i t ions .  Again, t h i s  suggests t h a t  a 
s a t e l l i t e  sensing system such as ERTS, which makes poss ib le  regu la r ,  
frequent observations o f  each spot on the  e a r t h ' s  sur face,  can prov ide  
a se rv i ce  which i s  both h i g h l y  des i rab le  and t o t a l l y  i n f e a s i b l e  us ing 
conventional techniques. 
Based on these fac ts ,  p lus  the  encouraging r e s u l t s  achieved using 
both h igh  a l t i t u d e  a i r c r a f t  and spacecraf t  imagery f o r  crop inventory  
experiments over the past  several years, the  Center f o r  Remote Sensing 
Research (CRSR) a t  the  U n i v e r s i t y  o f  Cal i f o r n i a  undertook the exper i -  
ment described i n  t h i s  paper. The experiment was designed t o  evaluate 
the f e a s i b i l i t y  o f  us ing s a t e l l i t e  data r e g i o n a l l y  t o  p rov ide  needed 
a g r i c u l t u r a l  in fo rmat ion  on an opera t iona l  bas is .  The experiment was 
performed i n  Maricopa County, Ar izona and San Joaquin County, C a l i f -  
o rn ia  i n  cooperation w i t h  a number o f  s t a t e  and federa l  agencies. 
Fur-  
In  an e f f o r t  t o  accura te ly  determine the  amount o f  d e t a i l  which can be 
ex t rac ted  from ERTS-1 data, and the  optimum use o f  "subsampling" i n  
the form o f  a e r i a l  photography and ground t r u t h  data f o r  var ious 
a g r i c u l t u r a l - r e l a t e d  tasks, the  i n v e s t i g a t i o n  was c a r r i e d  ou t  i n  a 
stepwise fashion beginning w i t h  a g r i c u l t u r a l  land use s t r a t i f i c a t i o n ,  
and progressing t o  very d e t a i l e d  surveys. These i n v e s t i g a t i o n s  e n t a i l e d  
the use o f  both human image ana lys ts  and automatic c l a s s i f i c a t i o n  and 
data handl ing techniques, and an eva lua t i on  o f  the  optimum mix o f  human 
and machine techniques f o r  each ana lys i s  problem. I n  each case, an 
attempt was made t o  ensure t h a t  the  types o f  in fo rmat ion  compiled 
(e.g., maps, tabu la r  data, crop acreages, e t c . )  conformed t o  ac tua l  
requi rements o r  des1 res  as expressed by those persons c u r r e n t l y  
involved i n  resource eva lua t ions  and p lanning i n  the  t e s t  s i t e .  
I n  the  area o f  a g r i c u l t u r a l  land s t r a t i f i c a t i o n ,  p a r t i c u l a r  a t t e n t i o n  
was pa id  t o  q u a n t i t a t i v e  analyses o f  the  s t r a t i f i c a t i o n s  t o  asce r ta in  
the ex ten t  t o  which they d i d  p rov ide  meaningful c rop  type  and c o n d i t i o n  
in format ion.  I n  so doing, use was made o f  ground c e l l  in fo rmat ion ,  
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p o i n t  sampl ing  along transects (using observers f l y i n g  i n  1 i g h t  a i r -  
w a f t ) ,  and comparisons w i t h  e x i s t i n g  land c l a s s i f i c a t i o n s  using the 
CRSR MAPIT techniques. 
i n  de l ineat ions  made a t  d i f f e r e n t  t imes during the growing season. 
I n  add i t ion ,  a study was made o f  the  v a r i a t i o n  
lands. In ;par t i cu la r ,  empha! 
:e between human i n t e r p r e t e r s  i 
cat ions  o f  a g r i c u l t u r a l  land c 
it informat ion used i n  the c la!  . .  . . .  
Crop c l a s s i f i c a t i o n  and inventory s tud ies  progressed concur ren t ly  w i t h  
the  s t r a t i f i c a t i o n  inves t iga t ions ,  as i t  seemed l i k e l y  t h a t  any opera- 
t i o n a l  inventory procedures would be  heav i l y  dependent on an i n i t i a l  
s t r a t i f i c a t i o n  o f  a g r i c u l t u r e  on ERTS or other smal l -scale imagery. 
Very s i g n i f i c a n t  progress was made on the development o f  automatic 
data processing techniques for the  de ta i led  c l a s s i f i c a t i o n  o f  a g r i -  
c u l t u r a l  j i s  was placed on the  optimum 
in te r fac  3nd the computer. Thus, i n i t i a l  
s t  r a t  i f  i Mere performed manually, and the  
resu l  tar  j s i f i c a t i o n  process. I n  add i t ion ,  
a sampling procedure was designed which would op t im ize  processing o f  
remote sensing and ground data by reducing the  amount o f  ground i n f o r -  
mation required. Incorporated i n  the  design i s  p rov i s ion  f o r  t he  
weight inq of  c l a s s i f i c a t i o n  e r r o r s  based on the  r e l a t i v e  importance of  
e r r o r s  r , stud ies  were conducted t o  
es t  i mat E 
comb i na t processing inputs. 
g crop inventor ies  using var ious 
A PRACTI 
-egarding var ious crops. F i n a l l y  
! the  r e l a t i v e  costs o f  performinl 
: ions o f  human and computer data 1 
CAL INVENTORY SYSTEM 
egrated data handl ing and analysi  
computer ana lys is  o f  ground, aer 
been shown t o  be very e f f i c i e n t  
es . 
The prinblrcll I c a u I ~  V I  C I I C  c n ~ a - I  ~r lve, t igat ion was the  development 
o f  an i n t  
human and , i a l  and space imagery and 
wh.i ch has f o r  regional  crop acreage 
inventor il 
s system which u t i 1  izes both 
The i n i t i a l  arc,, Ill LIIC IIIVCIILUI~ pruwzss  cons is ts  o f  t he  d e l i n e a t i o n  
of ERTS images i n t o  r e l a t i v e l y  homogeneous s t r a t a  by human in te rp re te rs .  
The t o t a l  image i s  f i r s t  d iv ided i n t o  a g r i c u l t u r a l  and non-agr icu l tu ra l  
areas, a f t e r  which t h e  a g r i c u l t u r a l  areas a re  subdivided on the basis 
of predominant crop types using on ly ,g ross  image c h a r a c t e r i s t i c s  and a 
genera 1 know1 edge o f  croppi  ng p rac t  ices . 
I n  an at tempt to  evaluate the use o f  s a t e l l i t e  imagery f o r  t h i s  pur-  
pose, a l l  land w i t h i n  San Joaquin County was del ineated by image 
ana lys ts  i n t o  broad land use and crop category classes based on t h e i r  
appearance on the ERTS-1 Ju l y  26 (summer season) c o l o r  composite image. 
The s t r a t i f i c a t i o n  o f  the a g r i c u l t u r a l  land use categor ies proved t o  
be a r e l a t i v e l y  s imple task, t ak ing  each o f  th ree  i n te rp re te rs  approx- 
imately 30 minutes to  complete. 
s i m i l a r ,  r e q u i r i n g  o n l y  minor revis ' ions t o  produce a "consensus" 
s t r a t i f i c a t i o n .  A t o t a l  o f  t h i r t e e n  d i f f e r e n t  a g r i c u l t u r a l  s t r a t a  
were recognized, d i f f e r i n g  both i n  general f i e l d  s i ze  and r e l a t i v e  pro- 
po r t i ons  of crop types and f i e l d  condit ions. Upon comparing these 
i n t e r p r e t a t i o n s  we concluded tha t  near ly  a1 1 boundaries were t r u l y  
The three i n t e r p r e t a t i o n s  were q u i t e  
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representative of differing cropping practices. 
the stratifications agreed almost exactly with major soil type boundar- 
ies as drawn by earlier soils surveys. 
In a number of cases, 
Certainly a much more detailed and up-to-date stratification was pro- 
duced from the ERTS image than is currently used by the Statistical 
Reporting Service, USDA. The obvious questions arise, however, as to 
whether: (1) the strata as drawn on the image are meaningful in terms 
of actual land use conditions, (2) the strata delineations would change 
throughout the year, and (3) such a detailed delineation could enable 
the Statistical Reporting Service to more efficiently and accurately 
estimate the parameters of interest on a statewide basis. 
In addition to their possible use by agenc 
Reporting Service, the stratifications per 
preters proved to be of great value as the 
detailed classification of crop types on a 
it was found that by far the most practica 
for producing "automated crop inventories" 
es such as the Statistical 
ormed by the human inter- 
prel iminary step prior to 
field by field basis, since 
and cost-effective method 
involves the use of manual 
interpretation at several stages in the process. In particular, it 
has been found that automatic classification done stratum by stratum, 
using training data specific to each stratum, results in much greater 
classification accuracy than would be possible otherwise. 
it is much more efficient to allow a human to do the preliminary 
stratification than to attempt this with automated techniques. 
an interactive man-machine system, in which each is used to perform 
only those tasks for which it is best suited, results in the greatest 
overall efficiency in terms of time and money expended for a given 
level of classification accuracy. 
At this point in the inventory process, political and administrative 
boundaries may also be superimposed on the imagery to define the geo- 
graphic area of interest. Next, to train the discriminant analysis 
program, fields identified by ground data or photo interpretation 
representing the various resource or vegetation types of interest in 
each stratum are located on small-scale photos for extraction from the 
digital tapes. The number of training fields required for each crop 
class depends on the variability of the spectral signature of the 
various crops present. 
different cropping practices, local soil differences, and genetic var- 
iations within a particular crop type. 
where there may be several stages of maturity present at the time of 
image acquisition, five or more fields per stratum may be required. 
In the case of less complex crop classes such as corn, one training 
example may be adequate. These training fields must also be large 
enough to be identifiable on the imagery acquired by the remote sensing 
system used in the first stage. 
around 20 acres with a minimum dimension on one side of 800 feet. 
fields are identified on andextracted from the spacecraft imagery and 
Furthermore, 
Thus 
This variability is caused by such factors as 
For a crop such as alfalfa 
On ERTS-1 imagery the minimum area is 
These 
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suppl ied as t r a i n i n g  t o  the  d i sc r im inan t  ana lys is  system. The m u l t i -  
spec t ra l  data a r e  then run through the d isc r im inant  ana lys is  t o  o b t a i n  
a point-by-point  c l a s s i f i c a t i o n  of the  e n t i r e  area by s t r a t a  (as 
defined by the human i n t e r p r e t e r ) .  
o f  the acreage of the vegetat ion c lasses by s t ra ta .  
This provides an i n i t i a l  est imate 
The d isc r im inant  ana lys is  r e s u l t s  must then be sampled i n  some manner 
t o  determine the  r e l a t i o n s h i p  between the d isc r im inant  ana lys is  e s t i -  
mate and the  t r u e  value o r  ground estimate o f  the  resource. Sampling 
u n i t s  a r e  def ined by breaking the e n t i r e  area i n t o  rectangular areas 
which i n  the case o f  t he  ERTS study were based on the  coordinate g r i d  
generated by the  MSS system. The s i ze  and shape o f  each rec tangu lar  
area a r e  determined by the  informat ion requirements o f  the  manager, 
the change i n  v a r i a b i l i t y  o f  the  estimates f o r  the SUs as t h e i r  s i z e  
i s  changed, the cost o f  making f u r t h e r  estimates on the SUs, and the  
d i f f i c u l t y  o f  recogniz ing the  sampling un i t s  on conventional l a rge r -  
scale imagery. 
To evaluate the r e l a t i v e  u t i l i t y  o f  the d isc r im inant  ana lys is  o f  ERTS-1 
mu l t i spec t ra l -mu l t i da te  imagery i n  es t imat ing  the area o f  a g r i c u l t u r a l  
crops the  informat ion obtained from the discr iminant analysis,  ground 
data and h igh  f l i g h t  imagery o f  the  in tens ive  t e s t  s i t e  i n  San Joaquin 
County were used t o  determine the optimum s i ze  o f  the  sampling u n i t  and 
the number o f  samples required t o  o b t a i n  acceptable estimates o f  crop 
area f o r  the  e n t i r e  county. 
stage) sampling u n i t  was found t o  be 25 x 35 p i c t u r e  elements (equiva- 
l e n t  t o  386 hectares on the ground). T h i s  was determined from the  
estimates o f  the  c o e f f i c i e n t  o f  va r ia t i on ,  and the  p l o t  o f  expected 
e r r o r  i n  t r a n s f e r r i n g  the ERTS sampling un i t s  t o  the corresponding 
photography f o r  p rec ise  area measurement. 
The optimum s i ze  o f  the primary ( f i r s t  
, 
A t  t h i s  p o i n t  there  a re  two bas ic  models t h a t  can be app l ied  t o  e s t i -  
mate the  number o f  sampling u n i t s  t o  comprise the second stage sample. 
I f an est imate o f  the  quan t i t y  o f  a resource present i s  needed, and i f  
i t  i s  found t h a t  the variance o f  the  estimate i s  p ropor t iona l  t o  the 
value of the resource, then p r o b a b i l i t y  sampling w i l l  genera l l y  be the  
most e f f i c i e n t  model. If, however, inplace mapping i s  desired, a 
sampling scheme using regression est imat ion t o  es tab l i sh  the  r e l a t i o n -  
sh ip  between the  d isc r im inant  ana lys i s  est imate and the ground est imate 
fo r  the resource i s  used. Therefore, the sampling u n i t s  f o r  the second 
stage a r e  selected using in fo rmat ion  derived i n  the f i r s t  stage i n i t i a l  
c l a s s i f i c a t i o n ,  thus reducing the amount o f  a e r i a l  and ground data 
needed. 
The second stage o f  the  model i s  based on a e r i a l  photography o f  the  
se lec ted  sampling u n i t s  on which prec ise  f i e l d  s i ze  measurements can 
be made. 
the second stage imagery and associated ground data are a l l  t ha t  a re  
needed. I n  o the r  cases where estimates o f  y i e l d  per u n i t  area a re  
I n  cases where on ly  surface area cover est imates are  needed, 
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required, t h ree  o r  more stages may be requ i red  t o  o b t a i n  adequate 
in format ion.  When the  "correct"  area and c l a s s i f . i c a t i o n  fo r  each 
f i e l d  i n  the sampling u n i t s  has been determined, t h i s  in fo rmat ion  i s  
used t o  a d j u s t  t he  estimates obta ined i n  the  i n i t i a l  c l a s s i f i c a t i o n .  
! 
CONCLUSIONS 
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The techniques and r e s u l t s  discussed i n  t h i s  paper have t h e i r  rea l  
s ign i f i cance  i n  t h a t  they i nd i ca te  the  very rea l  p o s s i b i l i t y  of 
eventual l y  per forming opera t iona l  a g r i c u l t u r a l  surveys on a regu la r  
basis us ing s a t e l l i t e  data as a bas ic  input .  The p a r t i c u l a r  procedure 
which has been expla ined i s  presented, no t  as an answer t o  the  e n t i r e  
problem o f  a g r i c u l t u r a l  surveys us ing spacecraf t  data, but ra the r  as 
an example of how the problem can be approached and as an i n d i c a t i o n  
o f  some o f  t he  poss ib le  techniques t h a t  might be used. 
Obviously there  a re  a number o f  questions t h a t  must be answered before 
the design and f e a s i b i l i t y  o f  an opera t iona l  system can be defined. 
Among the unanswered questions are  those r e l a t i n g  t o  the area e f f e c t -  
iveness o f  t r a i n i n g  and c a l i b r a t i o n  data ( i .e . ,  over how la rge  an 
area i s  a g iven  se t  o f  t r a i n i n g  data use fu l ) ,  t o  the a p p l i c a b i l i t y  o f  
such techniques t o  a l l  crops i n  a l l  pa r t s  o f  t he  wor ld  (and what k inds  
t o  the  
estimated. 
ng w i t h  
nd i cate  
tment by 
i nforma- 
s i t u a t  ion 
the  rap id  
o f  adaptat ions o f  the techniques might prove necessary), and 
accuracy w i t h  which crop y i e l d s  as we l l  as acreages might be 
Furthermore, a l i m i t e d  study o f  t he  s o r t  described here work 
data from an experimental sate1 1 i t e  such as ERTS-1 can o n l y  
the p o t e n t i a l  usefulness of such a system. C e r t a i n l y  a comm 
agencies a c t u a l l y  invo lved i n  the  c o l l e c t i o n  o f  a g r i c u l t u r a l  
t ion ,  and an opera t iona l  data processing system p rov id ing  f o  
a v a i l a b i l i t y  o f  data which i s  so c r u c i a l  i n  the a g r i c u l t u r a l  
are necessary before the  f i n a l  quest ions can be answered. 
Town or t i  1969 U;baniz;d 
Chandler 1,920 
Glenda le 4,000 
msa 8,320 
F'hoenW 56,680 
Scottsdalw't 6,400 
Tempe 7,200 
*I972 urbanized area to ta ls  do 
m n t s  i n  wi ldland areas.  
ty Area Acres 
1972 Urbanized Amount o f  Aar icu l tura l  
Area (Acres) Land (Acres) Lost 
2,880 
6,240 
13,440 
64,680 
9.600 
15.840 
960 
2,240 
5,120 
8.000 
3,200 
8,640 
not include sparse res ident ia l  deveiop- 
Figure 1 .  
made using s t r a t i f i c a t i o n s  of Apol lo 9 photos taken i n  1969 and ERTS-1 
imagery obtained i n  1972 i nd i ca te  the extent t o  which prime a g r i c u l -  
t u r a l  areas a re  being converted t o  urban use. 
Measurements of urban areas i n  Maricopa County, Arizona 
FIELD BY FIELD RESULTS OF CLISSIFICbTION 
OF TEST AREAS FROM ERTS-I TAPE DATA 
STRATUM 16 SAN JOAQUIN COUNTY, CALIFORNIA 
TOTAL PERCENT CORRECT -88.3 
Figure 2. Prel iminary c l a s s i f i c a t i o n  tests on sample areas w i t h i n  a 
f i e l d - c r o p  stratum i n  San Joaquin County resu l ted  i n  an ove ra l l  per- 
cent co r rec t  i d e n t i f i c a t i o n  based on number of f i e l d s  o f  88 percent. 
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STRAT- 
IFIED 
CALSCAN E- 
CALSCAN 
ANALYSIS 
GROUND 
SAMPLING 
ENUMERATION 
and CALCULATION t 
120 120 0 
660 660 660 1370 
570 1176 8260 
n-22 1 in; I n-9 I 
2430 1060 8835 
3420 2625 3021 18,465 
F i w r e  4. The tab le  ai nd accompanying p l c  
r r .  
in- incu inn 
HUMAN STRATIFICATION 
COMPUTER ANALYSIS 
,t i l l u s t r a t e  the estimated 
r e i a t i v e  costs i n  d o l l a r s  OT perrorming a crop inventory i n  San 
Joaquin Cou accuracy o f  c l a s s i f i c a t i o n  
of +5 perce :e leve l .  Note that  i t  would 
appea r tha t  wld involve both i n i t i a l  
strat i f icat,, , ,  u y  llulllall I I I L c I C 1 1 G L c 1 3  alto computer c l a s s i f i c a t i o n  o f  
crops w i t h i n  s t ra ta.  
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